The aim of this group is to continue the study of the properties of solids in the far infrared. Transmission and reflection measurements at room temperatures of three perovskite titanates have been completed. Temperature -dependent reflection measurements in the range 77-7000K are to be undertaken on these materials above their Curie temperatures to gain further understanding of their ferroelectric behavior. With this end in view, the study is being extended to zirconates, hafnates, and other perovskites that exhibit similar properties. Current solid-state research problems also include the infrared spectra of some antiferromagnetic materials and some inorganic compounds that have low internal molecular and lattice vibrations.
The study of low-temperature detectors for the 50-1000 .L region continues in cooperation with Professor R. C. Lord of the Spectroscopy Laboratory, M. I. T.* Detector noise measurements as a function of frequency are being undertaken to study the detectivity of these bolometers and ascertain the optimum chopping frequency. The evaluation of the performance of a commercial far infrared Michelson interferometer is expected to be carried out in the near future, but this will have to await delivery of the instrument. Interferometers should inherently make better use of the available energy than conventional spectrometers; this should decrease the time for taking spectra, as well as provide better resolution. Some modifications in the instrument will be necessary in order to make reflection studies and for low-temperature measurement, but these appear to be minor.
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Introduction
Many compounds possessing the cubic perovskite crystal structure exhibit unusual properties, such as ferroelectricity and antiferromagnetism. Knowledge of the nature of the interatomic forces in the crystal should prove extremely useful in explaining these phenomena.
To make such information available, several studies 1-5 of the far infrared and Raman spectra of the perovskite titanates and the related rutile have been reported recently. Some disagreement exists concerning the interpretation of these spectra. To furnish additional data to help resolve the disagreement, and to facilitate the interpretation of the electronic absorption spectral studies of the compounds made by one of us (J. F.), research on the transmittance and reflectance spectra and the dielectric dispersion of potassium magnesium fluoride and magnesium fluoride was undertaken as a prelude to a more comprehensive study of the vibrational nature of fluoride perovskites and their "rutile" counterparts.
*This work is supported in part by the National Science Foundation (Grant G-19637).
QPR No. 72
The room-temperature reflectances of potassium magnesium fluoride and magnesium fluoride were measured by using unpolarized radiation from 4000 cm-1 to 30 cm-1 relative to the reflectance of a reference mirror coated with aluminum. Measurements were -1 also made on each material at 5 cm-1 , with the use of a "Carcinotron" source of 2-mm radiation at Lincoln Laboratory, M. I. T.; the samples were mounted at a 200 includedangle bond in a light pipe, and the reflectances were compared with a reference mirror in the same position.
The results were in reasonably close accord with our lowfrequency far infrared measurements.
The infrared reflection spectra were recorded on a Perkin-Elmer Model 521 grating double-beam spectrophotometer, equipped to scan continuously from 4000 cm -1 to -1 250 cm1. A Perkin-Elmer reflectance attachment was used in this instrument, and the reflectance data were recorded at an angle of incidence of approximately 150. Below -1 400 cm-, it was necessary to flush the instrument with evaporated liquid nitrogen to remove most of the water vapor. A single-beam grating spectrometer, constructed in -1 6 the M. I. T. Spectroscopy Laboratory, was used for measurements below 500 cm . This instrument was improved by complete enclosure in a vacuum case ; this procedure allowed water vapor to be entirely removed from the optical path and so provided smooth background spectra. Again, the angle of incidence for the reflection measurements was 150. The samples used were grown at the Bell Telephone Laboratories, Inc.
The KMgF 3 sample was a single crystal with a polished face approximately 0.5 inch square. The MgF 2 was not a single crystal and was more irregularly shaped, which necessitated a slight vignetting of the beam. Transmission measurements over the same range as for reflection were made on the two infrared instruments described above. The samples consisted of finely divided powders dispersed in KBr matrices -1 for measurements above 300 cm-, and dispersed in polyethylene for measurements -1 below 600 cm-1
Data Analysis
The real and imaginary parts of the complex dielectric constant, E' = n2 -k2 and E" = 2nk (where n is the refractive index, and k is the absorption coefficient) were obtained by transforming the reflectance data by using the Kramers-Kronig relation. 8 In this, the reflectivity amplitude is given by re -i , where r = R / 2 , and R and (v)
are respectively the reflectance and the associated phase angle, the latter being given We have used the following standard considerations to arrive at a conclusion that is in agreement with Last's. The number of normal modes of a particular symmetry species is given by n i , the number of times the irreducible representation r. corresponding to that species is contained in the reducible representation r. The group theoretical expression for n i is Proper rotations by take the positive sign, and improper rotations take the negative sign. For point group operations, UR is given by the number of atoms that remain invariant under operation R. For space group operations, however, which are appropriate when considering crystals, UR is the number of atoms in the repeating unit (for crystals, the unit cell) which, for a particular operation R, contains either the appropriate rotation axis, reflection plane or inversion center. When applied to KMgF 3 (which 11 has an ideal cubic perovskite structure ), these considerations yield 4Flu + 1F2u as the symmetry species of the normal modes, of which one Flu is a translation and the F 2 u mode is forbidden in the infrared. We find that such a conclusion is also in agreement with our experimental data. Figures IV-1 and IV-2 show the transmittance and reflectance spectra of KMgF 3 , and Fig. IV-3 shows the real and imaginary part of the dielectric constant calculated from the reflectance data. The maxima of the imaginary part yields the true resonant frequencies, and these are listed together with assignments in Table IV-la. While we describe the various modes as bending and stretching, we realize that they are not pure modes, and knowledge of the actual form of the vibrations must await a complete normal coordinate analysis.
For magnesium fluoride, the tetragonal crystal structure is isomorphous with Corporation low-temperature cell both in the P-E 521 and in the far infrared instrument.
The final results are shown in Fig. IV-7 for the sample of -3 mg K 2 PtCl 4 per square centimeter run at -30 0 0K and -100 0 K.
Discussion
The vibrational spectrum of R (XY 4 ) molecules belonging to the D4h space group would be expected to consist of 5 nondegenerate and two doubly degenerate fundamental modes for the (XY4)n-ion. The tetragonal crystal structure would cause the triply degenerate lattice modes to split into a nondegenerate and a doubly degenerate lattice mode.
Three Raman-active frequencies have been observed, in full agreement with the selection rules, and the normal mode assignment can be made directly. Two doubly degenerate and one nondegenerate mode are active in the infrared, together with one degenerate and one nondegenerate lattice mode as described above. Five infraredactive vibrations have been observed in our results (see Fig. IV-7 ) and this is in full agreement with the selection rules. The frequencies, vibrational assignment and a short description of the motion are given in Table IV-2. Macoll 7 gives the approximate form of these normal vibrations and the symmetry species, with which all previous workers1, 2 and the present authors agree. Adams and Gebbie,1 however, in the assignment of their frequencies ignore the fact that they may not have been able to resolve all of the bands and also the possibility that one of the bands with which they associate an internal vibration may be a lattice mode. This The complete removal of these ambiguities can only be accomplished by further measurements on materials of similar structure. Consequently, work is already in progress here on Rb2 PtC14 and Cs2PtCl 4. We would expect that the cation-(PtCl 4 ) lattice vibrations would be most changed, and we would expect to see the two lowest vibrations shift to even lower frequency, and little change in frequency for those associated with the PtC1 4 internal vibrations if our interpretation is correct.
Further study is proposed for the bromides of these materials, and also for PdII and AuIII (in place of the PtII), in order to determine the low internal molecular and lattice vibrations for all of these materials.
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